
Cilengitide (EMD 121974, NSC 707544) in asymptomatic
metastatic castration resistant prostate cancer patients: A
randomized phase II trial by the Prostate Cancer Clinical Trials
Consortium

Deborah A. Bradley, MD1, Stephanie Daignault, MS1, Charles J. Ryan, MD2, Robert S.
DiPaola, MD3, David C. Smith, MD1, Eric Small, MD2, Mitchell E. Gross, MD4, Mark N. Stein,
MD3, Alice Chen, MD5, and Maha Hussain, MD1

University of Michigan, Ann Arbor, MI
2University of California, San Francisco, CA
3The Cancer Institute of New Jersey, New Brunswick, NJ
4Cedars-Sinai Medical Center, Los Angeles, CA
5NCI/CTEP, Bethesda, MD
6MD Anderson Cancer Center, Houston, TX
7Immunicon Corporation, Huntingdon Valley, PA

Abstract
Background—Integrins are involved in prostate cancer metastasis by regulating cell adhesion,
migration, invasion, motility, angiogenesis and bone metabolism. We evaluated the efficacy of
two dose levels of cilengitide in patients (pts) with castrate resistant prostate cancer (CRPC).

Methods—Chemotherapy-naïve, asymptomatic metastatic CRPC pts were randomized to
cilengitide 500mg or 2000mg IV twice weekly using parallel 2-stage design. The primary
endpoint was rate of objective clinical progression at six-months. Secondary endpoints included
clinical and PSA response rates, safety and effects of cilengitide treatment on circulating tumor
cells (CTCs) and bone remodeling markers.

Results—Forty-four pts were accrued to first stage (22/arm). Median number of cycles was three
in both arms (500mg arm: 1–8; 2000 mg arm: 1–15). At six months, two pts (9%) on the 500mg
arm and five pts (23%) on the 2000mg arm had not progressed. Best objective response was stable
disease (SD) in seven pts for 9.9[8.1,20.9] months. There were three grade 3 and no grade 4
toxicities. At 12 weeks, analysis of bone markers did not reveal significant trends. At progression,
bone specific alkaline phosphatase and N-telopeptide increased in all pts, less so in pts on the
2000mg arm and in pts on both arms who obtained SD at 6 months. CTCs increased over time in
both arms.
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Conclusion—Cilengitide was well tolerated with modest clinical effect in favor of the higher
dose. The unique trial design including a shift from response rate to objective progression as the
endpoint, and not acting on PSA increases was feasible.
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Introduction
Integrins are transmembrane adhesion receptors for extracellular matrix proteins that act as
modulators of several key cellular functions including differentiation, survival, migration,
invasion, normal and aberrant cellular growth, gene expression, and intracellular signal
transduction pathways.[4,13,21,22,40,46] The functions and expression of integrins are
dysregulated in several cancer types, including prostate cancer (PCa).[19,46]

PCa cells have a markedly different surrounding matrix than normal cells that is believed to
be at least in part due to differential expression of integrins on tumor cells compared to non-
tumor cells.[2,12,19,43,44] αvβ3 and αvβ5 integrins are thought to be particularly important
in PCa progression playing a significant role in metastasis by regulating cell adhesion,
migration, invasion, motility, and angiogenesis.[5,12,19,33,35,36,43,47,48,50] αvβ3 integrin
is also known to be critical to osteoclast migration, function and bone remodeling
[17,23,34,35,38] processes known to be important in establishment and progression of bony
metastases.[24]

Cilengitide (Merck KGaA, Darmstadt, Germany) is a cyclic agrinine-glycine-aspartic
containing peptide that binds to αvβ3 and αvβ5 with nanomolar affinity resulting in highly
selective, competitive inhibitor of αvβ3 and αvβ5 integrins that in phase I studies has shown
clinical activity.[18,20,28,32] Responses seen in phase I trials were achieved both at low and
at higher dose levels, suggesting there may be non-linear exposure/dose-response
relationships, and therefore high doses or prolonged exposure are not necessarily required.
[18,20,28,32] The significant role of integrins in PCa metastasis identifies integrins as an
important potential target molecule for treatment of this disease. We therefore conducted a
phase II trial to investigate the efficacy of two dose levels of cilengitide in patients with
asymptomatic castrate-resistant prostate cancer (CRPC). Correlative studies were performed
to determine the effects of integrin αvβ3 and αvβ5 inhibition on circulating tumor cells and
systemic bone remodeling markers.

Patients and Methods
This Cancer Therapy Evaluation Program sponsored trial was conducted by the Department
of Defense Prostate Cancer Clinical Trials Consortium. The protocol was reviewed and
approved by the institutional review board at each participating institution and all patients
provided informed consent prior to initiation of any study procedures. Eligible patients were
required to have metastatic CRPC with evidence of progression by one of the following: (1.)
progression of bidimensionally measurable soft tissue disease within 28 days of registration
(2.) new bone lesion(s) by bone scan within 42 days of registration, and/or (3.) rising PSA
with a minimum of 5ng/ml. Patients could not have PCa related pain or visceral metastasis
(lung and/or liver) and were required to have an ECOG performance status of 0–2 with
adequate organ function defined by a white blood count of ≥ 3,000/µl, absolute neutrophil
count ≥ 1,500/µl, platelet count ≥ 100,000/µl, creatinine ≤ 1.5 × upper limits of normal,
bilirubin within normal limits, AST and ALT ≤ 2.5 × upper limits of normal. Luteinizing
hormone-releasing hormone agonists were continued. Discontinuation of all nonsteroidal
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antiandrogens (28 days for flutamide and 42 days for bicalutamide) was required. Prior
chemotherapy was not permitted. Patients could have had one prior biologic therapy (non-
cytotoxic). Patients on stable doses of bisphosphonates which had been started no less than
six weeks prior to protocol therapy, who showed subsequent tumor progression, were
permitted to continue on this medication, however, initiation of bisphosphonate therapy
immediately prior or during study was not permitted. No concomitant therapy (other than
LHRH agonists) to treat PCa was permitted. Men of reproductive potential had to agree to
use effective contraception. Patients with a "currently active" second malignancy other than
non-melanoma skin cancers were not eligible. Patients were not considered to have a
"currently active" malignancy if they had completed therapy and were without evidence of
disease for two years.

Treatment Plan
Patients were randomized 1:1 to either 500mg or 2000mg with stratification for
bisphosphonate usage. Cilengitide was administered as a one hour intravenous infusion
twice weekly per six week cycles. Toxicity was assessed using NCI-common terminology
criteria version 3.0 and dose reductions were specified for grade 3 or 4 toxicities. For the
500mg arm, dose −1 was 400 mg and dose −2 was 300mg. For the 2000 mg arm, dose −1
was 1600 mg and dose −2 was 1200mg. There were no planned breaks between cycles. If
clinically indicated, interruption of treatment was allowed for a maximum of two weeks at a
time with a maximum of two treatment interruptions.

Duration of Therapy, Monitoring and Response Assessment
In the absence of toxicity or symptomatic progression, patients were to receive a minimum
of 2 cycles (12 weeks). Patients were monitored by history and physical exam, toxicity
assessment, and PSA every 3 weeks. Response assessment by bone scan and CT scan and/or
other appropriate imaging was performed every 12 weeks. Patients with symptomatic
progression were removed. Patients with evidence of asymptomatic progression by CT or
bone scan at first assessment (12 weeks) were to receive an additional cycle of treatment
followed by repeat imaging 6 weeks (1 cycle) later. Patients with further progression were
removed from protocol with time of progression recorded as first progression. Patients with
stable disease or better continued therapy till further progression. PSA progression alone
was not considered progression per protocol. All patients were followed until progression.

End Points Definition
Time to progression was defined as the time from the first day of treatment until the date
progressive disease or death was first reported. Progression was defined by any one or more
of the following parameters: 1.) Measurable disease progression by RECIST criteria. 2.)
Progression by bone scan (development of ≥2 new lesions). 3.) Pain progression (pain due
to prostate cancer requiring intravenous, intramuscular or subcutaneous opioid therapy
administered as a single dose; oral or transdermal opioid analgesic use administered for 10
out of 14 consecutive days, and/or requiring radionuclide or radiation therapy).

Measurable disease responses were defined using RECIST criteria. Bone disease response
was evaluated by bone scan with disease characterized as stable or improved if no new
lesions and no new pain in an area that uptake was previously visualized versus progression
as defined by the appearance of two or more new skeletal lesions. PSA response was defined
based on the PSA Working Group Consensus Criteria.[7]
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Endpoints and Statistical Design
The primary objective of this trial was to evaluate efficacy, as measured by the rates of
objective clinical progression at six-months (not including PSA), associated14 with the two
dose levels of cilengitide. The assumptions for this trial were based on the progression rates
of the control arm of the randomized phase III trial testing atrasentan in a similar patient
population. At the 3-month time point, the historical untreated controls with metastatic
CRPC had a 50% progression rate by bone scan[10] therefore we projected this group to
have a 75% progression rate at 6-months. It was hypothesized that cilengitide would lower
this progression rate to 55% at 6-months. A modified version of the randomized selection
design[45] was utilized to compare two dose levels of cilengitide, 500mg and 2000 mg. Plan
was for 53 patients to be randomized to each dose level using a two-stage design in a
stratified manner to ensure equal percentages of prior bisphosphonate use. For each dose
level, an independent evaluation was planned. If six or more of the first 20 patients were
found to be progression-free at 6-months, second stage would open for that dose level and
an additional 33 patients would be accrued. If 17 or fewer of the 53 patients were
progression-free at 6-months, at the second stage, the dose would be considered
uninteresting for further study.

Upon study completion, the planned decision rule for selecting a dose level for further study
is as follows: (1) if neither arm shows activity, no arm is selected, (2) if only one arm shows
activity, that arm is selected, (3) if both arms show activity and the difference in 6-month
progression rates is greater than 5%, then the arm with the highest rate is selected, (4) if both
arms show activity but the difference in progression rates is less than 5%, the selection will
be based on a combination of internal and external data. This study was designed to accrue
106 total subjects, 53 per arm to allow selection of the superior dose level with 90%
probability.

Secondary endpoints included objective and PSA responses, time to clinical and PSA
progression, toxicities, and biological correlates. The objective response rates and 95%
confidence interval is reported. Time to clinical and PSA progression were estimated using
product limit estimates of the Kaplan-Meier method. Biological correlate comparisons were
tested within strata by dose level using the Wilcoxon rank test.

Correlative Biology Studies
The objective of correlative studies performed was to determine the effects of integrin αvβ3
and αvβ5 inhibition on total circulating tumor cells (CTCs) and endothelial cells (CECs)
isolated from peripheral blood and on systemic bone remodeling markers.

Peripheral blood samples were analyzed for CTCs using the CellSearch® reagents
(Immunicon Corporation, Huntington Valley, PA)[30] and for CECs using the CellTracks®
reagents (Immunicon Corporation).[39] Evaluation of CTC and CEC was performed by
Immunicon. Bone-specific alkaline phosphatase (BAP), an indicator of bone production was
measured using a commercially available ELISA, Metra® BAP (Metra Biosystems: Quidel
Corporation, Mountain View, CA), and serum N-telopeptide (NTx), a specific biochemical
indicator of bone resorption using Osteomark NTX® (Wampole Laboratories, Princeton,
NJ). Intact osteocalcin (OCN), an indicator of bone production was measured by
competitive EIA ((NovoCalcin, Metra Biosystems: Quidel Corporation, Mountain View,
CA).

Results
Between 1/17/05 and 1/24/07, 44 patients were registered to protocol (22 pts/arm) at five
centers. Table 1 describes baseline patient characteristics by dose level. The median age was
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72 (range: 52–85). 72% of patients had a performance status of 0. Patients were well
balanced between arms with the exception of a statistically significant difference with
younger age (median 67 vs. 73 yrs), lower baseline PSA, (median 26 vs. 65ng/ml) and less
bone progression at time of registration on the 2000mg arm. All patients are off protocol
therapy with a median number of cycles of 3 (range 1–8 on the 500mg arm and 1–15 on the
2000mg arm).

Adverse Events
Therapy was very well tolerated with no grade 4 or greater adverse events (AEs) and only
three grade 3 AEs (neutropenia, and transient lymph node pain and enlargement in one
patient). Table 2 describes in detail AEs by type and grade by dose level. Only one patient
required dose reduction to −1 dose level.

Efficacy Results
At the time of interim analysis after first stage of accrual, 91% (95% CI (71–99%) of
patients on the 500mg arm had progressed at the 6 month assessment (2/22 pts not
progressing) and 77% (55– 92%) on the 2000mg dose arm (5/22 pts not progressing) (Figure
1.)

Best response obtained was stable disease (SD). Overall there were 15 pts with SD as their
best response at any time during the trial (median 6.9 months, range [2.8,20.9]) , however
per protocol specified requirement of SD at 6 months, 7 fulfilled the criteria ( median 9.9
months, range [8.1,20.9]. There was no significant difference in median duration of SD
between arms (p=0.95) (2000mg (n=9) duration SD= 8.1 months; 500 mg arm (n=6)
duration SD= 6.9 months) although the study was not designed to compare arms. Twenty-
seven patients had asymptomatic progression at first assessment (12 weeks). Of these 27
patients, 13 (48%) elected to continue treatment per protocol. 31% of these 13 patients
achieved a best response of SD, 69% experienced confirmed progression. These patients
remained on treatment for a median of one additional cycle (range 1–3).

There was one PSA response on the 2000mg arm and none on the 500mg arm. At first
assessment, 4/44 (9%) of patients had a stable PSA. Median time to PSA progression was
0.7 months (95% CI 0.7, 1.4) on the 500mg arm and 2.3 months (95% CI 1.3, 4.2) on the
2000mg arm (p=0.0001). There was no significant correlation between baseline PSA or
baseline bone markers and study-defined objective or PSA progression.

All patients are off study; five (11%) withdrew consent, 34 (77%) secondary to progression
[19 (56%) in bone, 14 (44%) in soft tissue] and 5 (11%) for other reasons. In an exploratory
analysis of the 34 patients who had progression by objective and PSA criteria, study defined
objective progression occurred at a median of 1.9 months (range: −1.5– 9.2 months) after
PSA progression.

Correlative Studies
There were no significant differences between arms at baseline in serum bone markers BAP,
NTX, and OCN with the exception that OCN was higher in the 500mg arm in patients not
receiving zoledronic acid (Table 3.). OCN was most likely higher in patients not receiving
zoledronic acid due to increased bone turnover in these patients. There were no significant
biologic trends at first assessment (12 weeks). At time of progression, BAP and NTX
increased in all patients, however less so in patients on the 2000mg arm and in patients on
both arms who obtained SD at 6 months.
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Samples for assessment of CTCs and CECs were available for all patients at baseline. At
week 12, samples were available for 32 pts for CTC and 28 pts for CEC assessment.
Histograms did not differ by dose level (Figure 2). Time to progression (TTP) was not
different between patients with 0–5 CTCs at baseline compared to those with >5 CTCs at
baseline. TTP was slightly better for the group with 0–5 CTCs at cycle 2 compared to those
with >5 CTCs. This was not statistically significant. The group of patients with a decrease in
CTCs at cycle 2 compared to baseline had a slight advantage in TTP compared to those
whose CTCs increased between baseline and cycle 2. This was not statistically significant.
There was no correlation between CEC number and progression.

Discussion
We evaluated two dose levels of cilengitide, an inhibitor of αvβ3 and αvβ5 integrins, in
chemotherapy naïve patients with asymptomatic, metastatic CRPC using a six month non-
progression endpoint. The choice of this endpoint represents a shift in paradigm from using
PSA decline rates or response rates to a clinically meaningful endpoint. The rational was
further supported by the hypothesized cytostatic mechanism of action. Recognizing the
difficulties in interpreting early changes, this trial pioneered a trial design that allowed
patients with evidence of asymptomatic progression at first assessment to continue on study
with an interim follow up scan to confirm progression. Both approaches proved feasible.

Since neither arm, at the time of prespecified interim analysis (after first stage of accrual),
met the prespecified cutoff of 6 (27%) or more patients progression free at the six month
evaluation, the study did not proceed to second stage. Although neither arm reached the
prespecified activity level, clinical (a trend towards less progression at the six month
assessment; 91% and 77% on the 500mg arm and the 2000mg dose arm, respectively) and
correlative studies results suggest that the 2000mg dose level has more but modest activity
over the 500 mg dose.

Markers of bone turnover are indicative of bone resorption and formation reflecting
osteoclastic and osteoblastic activity, respectively and are proving to be a useful tool for
measuring the efficacy of bone targeted therapy.[8,9,26,49] Increased N-telopeptide and
bone specific alkaline phosphatase have been associated with adverse clinical outcomes,
including shorter time to skeletal events, disease progression and death.[6,11,27,41] In this
trial, bone turnover markers of patients treated on the 2000mg arm tended not to increase as
much at time of progression although was not statistically significant. Additionally, patients
on both arms that obtained stable disease at six months showed a similar trend suggesting an
effect of cilengitide on the bone microenvironment in some patients. Another promising
biomarker in CRPC investigated in this study is CTCs. Recent studies of CTCs in CRPC
have evaluated the ability of CTCs to be used as a surrogate for overall survival.
[14,16,29,30] Less than 5 CTCs/7.5 mL at baseline and post-treatment has correlated with
improved overall survival. In this study, there was a trend towards increased time to
progression in patients on the 2000mg dose arm with less than or equal to five CTCs at first
assessment. In all patients, there was a non-significant trend towards increased time to
progression in patients with 0–5 CTCs at cycle 2 compared to those with >5 CTCs at cycle
2, again suggestive of possible activity in some patients though the numbers are too small
for any major conclusion.

It is possible that significant clinical activity was not demonstrated despite a signal of
biologic activity because of incomplete integrin inhibition which could have been impacted
by dose or schedule. In phase I testing, no clear pattern of cilengitide toxicity could be
determined and no maximum tolerated dose was reached [18,28,32] with responses achieved
at both low and high dose levels.[1,18,20,28,32] However, disease specific phase II testing
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points towards a modest increased efficacy at higher dose levels [32,37] which is supported
in our current trial. In a phase IIa study investigating 500mg and 2000mg dosing in patients
with recurrent glioblastoma,[37] pharmacokinetic studies revealed significantly greater
exposures among the 2000mg cohort. However, in prostate cancer, which is not known to be
as vascular as brain tumors, it is possible that even the 2000mg dose may not have been
sufficient to effectively block integrin receptors to result in a biologic effect due to the short
plasma half-life of cilengitide of 2.5–4 hours.[28,32] Therefore dosing chosen for this trial
may not have been optimal with the potential need for continuous infusion or more frequent
administration to observe a significant biologic effect. It is also possible that alternative
integrins not blocked by cilengitide may have a more significant role in prostate cancer. To
date, the specific functions of integrins, their ligands, and their modulators in prostate cancer
progression are incompletely understood.[3,15,19,25,31,33,43] This study suggests that
inhibition of integrins may have some biologic effect but perhaps alternative or more
inhibition is necessary. Because tumors can overcome integrin requirements through
upregulation of integrin-initiated intracellular signaling pathways, inhibition of integrin-
dependent signaling components, including FAK, Src, and P13K may serve as
complimentary chemotherapeutic targets[46]

Because of the lessons learned investigating other bone targeted therapies suggesting
patients may have been taken off therapy prematurely, we pioneered this study design to
avoid premature withdrawal of the agent. Patients were permitted to continue on trial until
confirmed progression. Twenty-five patients had asymptomatic progression at first
assessment (12 weeks). Of these 24 patients, 13 (54%) elected to continue treatment. Thirty-
one percent of these 13 patients achieved a best response of SD. 69% experienced confirmed
progression at the second assessment after cycle 3 (18 weeks). This is one of the first trials
to test the feasibility of this concept. Since this trial was designed in 2004, the Prostate
Cancer Clinical Trials Working Group has published consensus recommendations for
clinical trial conduct including this concept.[42]

Conclusions
In summary, cilengitide was well tolerated, however, did not meet the protocol prespecified
decrease in the six month progression rate at either dose level. The clinical and biomarker
results suggest a potential improved, though, modest effect with the 2000 mg dose. The
findings from this study therefore support further investigation of integrin inhibition with
more active agents in this disease.
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Figure 1. Time to Objective Progression

Progression at 6 months: 500mg : 91% (2/22 pts not progressing)

2000mg: 77% (5/22 pts not progressing)

Median time to progression was 2.7 months (95% CI 2.66, 2.79) on the 500mg arm and .8
months (95% CI 2.66, 5.85) on the 2000mg arm (log-rank p-value=0.52)
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Figure 2. Histogram of Circulating Tumor Cells/Circulating Endothelial Cells
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Table 1

Baseline Patient Characteristics

500mg (n=22) 2000mg (n=22)

Age

   Median 73 (59–84) 67 (52–85)

Race

   White 18 20

   African American 2 2

   Asian 2 0

Performance Status

   0 16 15

   1 6 6

   Unknown 0 1

Zoledronic Acid Usage* 6 (27%) 5 (23%)

PSA (ng/ml)

  Median 65 (6–870) 26 (5–621)

Disease Progression at Registration

   PSA 21 (95%) 19 (86%)

   Soft Tissue 5 (23%) 11 (50%)

   Bone 13 (59%) 3 (14%)

*
Zoledronic acid was permitted if started ≥ 6 weeks prior to registration
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Table 2

Treatment Related Adverse Events

Adverse Event Grade 500mg 2000mg

Lymph node pain 3 1 0

Lymphatics-other 3 1 0

↓ Neutrophil count 3 0 1

Anorexia 2 2 0

Arthritis 2 0 1

Bone pain 2 1 0

Constipation 2 1 1

Dehydration 2 1 0

Fatigue 2 4 3

Glucose tolerance impaired 2 1 0

Headache 2 0 1

↓ Hemoglobin 2 0 2

Hyperglycemia 2 0 1

Hypoalbuminemia 2 0 1

Hypotension 2 1 0

Leukopenia 2 1 0

Musculoskeletal disorder 2 0 1

Nausea 2 1 0

↓ Neutrophil count 2 1 1

Pain in extremity 2 1 0

Tooth infection 2 0 1

Includes all grade 2 and above toxicities considered possible, likely, or probably related to cilengitide.
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